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Ihesnme r^col silicon earWde, silicon nitride or Si Al ON 

^Zo 0 aS? t, ' ne,hCWOUil,S ° faa ^vep !W ,.on,o,ho 



parts. 




PAGE 5/42 * RCVD AT 12ffi/2004 4:32:37 PM [Eastern Standard Time] » SVR:USPT0^FXRF-1/7 * DNIS:8729306 * CS©:651 736 3833 * DURATION (mm-ss):10-28 



DEC. 8. .2004 3:35PM 01 PC 220 I2W 01 



NO. 8974 P. 6 



2538370 



... I TWs invcnt,0n relates to new vitreous ceramic materials derived from 
sihca, alumina, magnesia and yttrium oxide. 

More and more frequently, new crystalline ceramic materials are beina 
SSSSi^" 1 S!l,C0, \ c f b ^ sili °™ Stride, nitrides of silicon modified by 
rf ^ Z a 0X ?* en ™ d alu J mnum in CT y staI,ine lattice . for *e fabrication 
etSrpSs deSlSned 10 ^ SUbjeCtCd 10 — « 

tlMf 14 is ' h ™ever, difficult to assemble parts of these materials by bonding as 
S^EET h6S1VeS r6SiStant to elevated te «> P eratures and to stresses brought 
!Sf«£.?3? expansions presenting a coefficient of expansion little different 
from those of the materials to be assembled, and wetting them well 
... . ^ Pfesent invention has as its goal to provide materials that can be 
utdized as adhesives for bonding the crystalline ceramic materials mended 

. ^ ' I1,ese ^te^s are composed from mixtures of silica, alumina, magnesia 
and yttrium oxide, corresponding to the weight ratios «»gnesia 



32.5 % < Silica and Magnesia < 77.5 
17.5 % £ Alumina < 62 5 % 
5 % < YA < 50 % 



Such materials correspondent to the area of the triangle ICB of the 
£53 ten ^ A sll ^ + ™g"e S ia-aIumina-yttrium oxide ofRgure 1 5 the 
222? ■iff" 1, K° nS ft T^ terids ^ 0fi6W ^^to&eareaofSe 
Sfi T V b6 manufaCtur6d &om * base of corriSte, alumina and 

yitoum oxide and are represented by the area ABC of the ternary 

aSSSK5»S5? Figure 2 



50% < Cordieritc < 95% 
0% < Alumina < 45% 
5 % < Yttrium oxide < 50% 
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or, expressed in magnesium 
oxide ; 6.9% to 13.1 % 

} silica + magnesium + 32.5% to 61.7% 

silica : 25.6% to 48.6 % 

alumina ; 17.5 % to 62.5 % 
yttrium oxide : 5 % to 50 % 

The above materials may be additioned by at least one metallic oxide 
favoring their devitrification, such as titanium dioxide, zirconium, zinc oxide, in 
a ratio ranging up to 5 % by weight, which improves their mechanical resistance 
to heat between 1000° and 1350°C. 

These vitreous materials thoroughly wet the crystalline ceramic 
materials, such as silicon carbide, die silicon nitrides and the modified silicon 
nitrides (Si Al ON), due to the presence of the yttrium oxide which acts as a 
wetting agent. They permit the formation of strong adhesive bonds of minimal 
thickness. 

As they are oxide-based and present an elevated vitreous transition 
temperature (between 900° and 100° C [sic?]), they are perfecdy suited to 
equipment operated with heat, possibly in an oxidizing atmosphere, particularly 
in heat exchangers at around 800°C . 

These types of glass may be devitrified, either by addition of the metal 
oxides mentioned above, or by one or more slow cooling cycles. 

The most general process for fabricating the above vitreous materials 
consists of mixing the powders of silica, magnesia, alumina and yttrium oxide by 
milling in a container, melting the obtained powdered mixture at a temperature 
above 1500° C under oxidizing atmosphere, particularly with air, then allowing 
the glass that has formed to cool For the materials in which the ratio of the 
quantities of silica and alumina correspond to that of the cordieritc, or mixing of 
the natural or synthetic cordierite, of alumina and yttrium oxide by milling in a 
container, then similarly melting the obtained powdered mixture at a 
temperature above 1500° C under an oxidizing atmosphere and allowing the glass 
thu$ formed to cool. 
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The invention extends finally to a process for bonding parts of the same 
type of silicon carbide, silicon nitride or modified silicon nitride (Si Al ON), in 
which a vitreous ceramic material such as defined above is crushed, the milling 
container in a liquid medium, dried, a binder and a solvent added to it in order to 
form a paste, this paste [then] applied between the parts to be glued, the 
assembly dried in an oven, then it is raised to a temperature in the neighborhood 
of around 1400° C with neutral atmosphere. Preferentially, after this heating at 
around 1400° C, the bonded parts are subjected to one or more slow coolings to 
assure the devitrification of the bonding material. 

Described below, by way of example, is a step for synthesizing a vitreous 
ceramic material, a step for applying this material onto the parts to be assembled 
and for firing of the assembly, as well as a heat exchanger, represented by 
Figure 2 of the diagram, assembled using such a ceramic material. 

EXAMPLE 1 - Synthesis of a vitreous ceramic_material 

After fine mixing of the raw materials (silica and magnesia, alumina and 
yttrium oxide, or cordierite, alumina and yttrium oxide) by milling in a container, 
the powders are brought to fusion at around 1550° C in the presence of air, by 
prolonging the treatment for 2 hours. After cooling, the glass is crushed and 
milled in a container, in an aqueous medium, until the average size of the grains is 
less than 80 microns. With the use of this method, a very homogeneous material 
is thus obtained. 

EXAMPLE 2 - Application of the glass and firing of t he assembly ■ 

A binder and a solvent are added to the ground glass powder. Different 
binder-solvent combinations may be used. 

According to a first variation, the binder may be a cellulose ether that is 
dispersed in water. One may thus prepare a cellulose ether gel commercialized 
under the brand name "Bermocoll E 600" in water at 4%, and mixing the milled 
powder of the vitreous material into this gel in the proportion of 60 to 80% by 
weight of the powder for 40 to 20% of gel. 

The binder may likewise be a polystyrene plastified with the help of 
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butyl phtalate, that has been dissolved in a solvent such as trichlorethylene. For 
example, a solution may be prepared containing 5% polystyrene by weight, 5% 
of butyl phtalate and 90% of trichlorethylene. This solution is mixed with the 
vitreous material in the proportions of 60 to 80% by weight of powder for 40 
to 20% of solution, 

It is equally possible to utilize as binder a polysaccharide dissolved in 
water at the rate of 10% by weight. 70 to 80% of the milled powder of the 
vitreous material is mixed with 30 to 20% of solution. 

In this manner, with the help of the binder and the solvent, a paste is 
prepared that can be applied with a brush to the parts to be bonded . The choice 
of the binder has been determined so that the paste is sufficiently fluid to flow into 
the thin interstices (of some tenths of mm), but presents sufficient rigidity to 
remain in place without flowing, in the case of vertical joints. 

Following oven drying, the assembly is gradually brought to around 
1400°C under neutral atmosphere (argon). 

The practitioner may subject the vitreous material forming adhesive 
between the parts at slow cooling cycles assuring its devitrification if it is deemed 
necessary. 

In particular, vitreous materials were prepared to present the following 
weight compositions (points D, E, F, G, of Figures 1 and 2), 





D 


E 


F 


G 


Cordierite 


60 


60 


60 


70 


Yttrium oxide 


40 


30 


20 


20 


Alumina 


0 


10 


20 . 


10 



or in weight percentages in oxides 
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D 


£ 


F 


G 


Silica + Magnesia 


39 


39 


39. 


45.5 


Yttrium Oxide 


40 


30 


20 


20 


Alumina 


21 


31 


41 


34.5 



A silica + magnesia, yttrium oxide and alumina-based compound was 
also prepared, in which the ratio of the quantities of silica and alumina did not 
correspond to the cordierite (point H of Figure 1). 

Silica + Magnesia 71.75% 
Yttrium Oxide 20.75 % 

Alumina 17.50 % 



The expansion coefficients of the component materials corresponding to 
the area of the triangle ABI of Figure 1 vary in large proportions, and it is thus 
possible to choose from among these a material with an expansion coefficient in 
the vicinity of that of numerous crystalline ceramic materials. 

Vitreous ceramic materials were utilized according the invention in 
particular in the assembly of heat exchange elements of fritted silicon carbide, 
designed for operation in turbines [engines]. These exchangers, whose basic 
outline is represented in Figure 3, arc comprised of more than 200 tubes such 
as the tubes 1 of the figure, assembled on the external edge flanges 2. 
The external 3, internal 4 plates [shell] and edge closing discs 5 are sealed 
onto each other with the same vitreous material. All these bondings thus assure 
the tightness between the cold flux (for example, cold air) that circulates in the 
tubes and the warm flux (warm air) that circulates in counter-current around the 
tubes. The joints such as 6, 7, S of the vitreous ceramic material have 
withstood temperatures [generated? - illegible] by hot gases 
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raised to 827°C without alteration. 

Although the fabrication process for the vitreous ceramic materials 
described above appears as the preferred form of the invention, it is understood 
that diverse modifications may be applied to it without departing from its scope, 
the binders and solvents cited arc capable of being replaced by others that would 
fulfill the same technical role. 
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CLAIMS 

1/ Vitreous ceramic material, including silica, alumina, magnesia and yttrium 
oxide, characterized in that their respective weight quantities correspond to the 
inequalities 

32.5 % < Silica and magnesia < 77,5 % 
17 5 % < Alumina < 62.5 % 
5 % < Y 2 0 3 < 50 % 

21 Materials following Claim 1, characterized in that the ratio of their quantities 

of silica and magnesia correspond to that of the cordierite. 

3/ Materials following Claims 1 and 2, characterized in that they include 

additionally up to 5% by weight of at least one metallic oxide favoring their 

devitrification. 

4/ Materials following Claim 3, characterized in that the devitrifying metallic 
oxide is selected from the group composed of titanium dioxide, zirconium and 
zinc oxide. 

5/ Fabrication process for a material following Claim 1, characterized in that 
the powders of silica, magnesia [J alumina and yttrium oxide are mixed by 
milling in a container, melting the obtained powdery mixture at a temperature 
above 1500°C under oxydizing atmosphere, then allowing the glass formed to 
cool. 

6/ Fabrication process for a material following Claim 2, characterized in that 

the powders of cordierite, alumina and yttrium oxide are mixed by milling in a 

container, melting the obtained powdery mixture at a temperature above 1500°C 

under oxydizing atmosphere, then allowing the glass formed to cool. 

7/ Application of the materials according to one of Claims 1 to 4 to the 

bonding of parts of the same type of silica carbide, silica nitride or modified silica 

nitride by addition of aluminum and oxygen. 

8/ Process for bonding between parts of the same type of silicon 



[Note ; Claim 6 is an exact duplicate of Claim 5, in the French original - 
Translator,] 
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carbide, silicon nitride or modified silicon nitride by addition of aluminum and 
oxygen, characterized in that a material such as any one of the Claims i to 4, is 
crushed, milling it in a container in a liquid medium, drying it, adding to it a 
binder and a solvent in such a way as to form a paste that wets well the parts to be 
bonded, applying this paste between these parts, drying the assembly in an oven, 
then bringing it to a temperature around 1400°C under neutral atmosphere. 
91 Process for bonding following Claim 8, characterized in that a cellulose 
ether is utilized as a binder and water as solvent. 

10/ Process of bonding following Claim 8, characterized in that plastified 

polystyrene is employed as binder and trichlorethylcne as solvent 

11/ Process of bonding according to Claim 8, characterized in that a 

polysaccharide is employed as binder and water as solvent, 

12/ Process of bonding following one of Claims 8 to II, characterized in 

that a vitreous ceramic material additioned by a devitrifying metallic oxide is 

used. 

13/ Proccess of bonding following one of Claims 8 to 12, characterized in that 
after heating to 1400°C under neutral atmosphere, the glued pieces are subjected 
to at least one slow cooling cycle assuring the devitrification of the bonding 
material. 
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FIG.1 
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FIG.3 
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Matariaux_ oeramiques vitreux, procade de fabpioation de tela matSrlaux 
at application de Cea derniers 

La presente invention conoerne de nouveaux materiaux aaramiques 
vitreux k base de silice, d'alumine, de rqagnesie et d'oxyde d'yttrium. 
5 On utilise de plus en plus frequemoent de nouveaux mateViaux oera- 

miquefl erlstallins, tels que le oarbure de ailioium, le nitrure de aili- 
oium, les nitrures de aiiicium modifies par addition d'oxygene et'd* alu- 
minium dans leur reaeau orlstallin, pour la fabrication de places et 
d'apparelle destines a Stre goumis a des oontralntes m4caniquea impor- 
10 tantes a temperature Aleves . 

II est toutefois dlffloilo d ? assembler des pieces en ces materiaux 
par collage, car oela neoessiterait des adhSsife resistant aux tempera- 
tures ©levees et aux contraintes entralnles par las dilatations thermi- 
ques, preaentant un coefficient de dilatation assez peu different de 
T5 ceux de$ materiaux h assembler, et mouillant hien eeux-ci. 

La presente Invention vise a procurer* des materiaux utillsables 
comme adhesifs pour le collage des materiaux oeramlques erlstallins men- 
tionne*s ei-dessus. 

Ces materiaux sont oonstltues par las melanges de silioe, d'alu- 
20 mine, de magnaeie et d'oxyde d» yttrium rSpondant aux proportions ponde"- 
rales 

32,5 % ^ Silioe et magnesie 77,5 * ' 
17,5 % ^ alumine ^ 62,5 % 
25 5% < Y 2 0 3 £ 50 t 

De tele materiaux correspondent a l'aire du triangle ICB du dia- 
gramme ternaire silice + magnesia-alumine- oxyde d'yttrlum de la figure 1 
du dessin annexe*. ?ami ces materiaux, oeux correapondant a 1'alre du 
30 triangle ABC peuvent Stre fabriques en partant de eordierite, d 1 alumine 
et d'oxyde d f yttrium et aoht represented par l'aire ABC du diagramme 
• ternaire cordierite- alumine- oxyde d 1 yttrium de la figure dont lea 
c8tas correspondent aux limltea de composition (en polda) 
50< ^ cordierite < 95% 
35 0* £ alumine ^ lis* 

5*£ oxyde d'yttrium^ 50? 
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ou, exprimles *n oxyde 



magnesia : 6,9% a 13, 1* 

sUice : 25,6$ 4 18,6* 




aiJtice + magnesia ± 32,5* a 6l,7* 



5 alumine ; 17,5J a a2,5« 

oxyde d« yttrium : 5% a 50% 

Lea raateViaux ei-deasus pauvent Stre additionnee d T «u moina un 

oxyde metaiiique favoriaant leur devitrification, tela qua le bioxyde de 

titans, la zlrcone, 1« oxyde da zinc, an proportion silent jusqu'a 5% an 
10 poida, ee qui ameliore leur resistance mscanique a chaud entra 1000* 

at 1350'C. 

Ces materiaux vitreux mouillent Men lea materiaux caramiquea 
erietallina, tela qua le earbure de sillolum, lea nitrurea de silidum et 
lee nitrures de Bilieium Taodifiea (Si AI ON), grace a- la presence de 

15 V oxyde d' yttrium qui Joue le rfiia de inouillant. Ila permettent de former 
dea Joints tras adherenta de faible epaisseur. 

Comrae ila sont & baae d'oxydas et prasenteat une temperature de 
transition vitreuse £levee Centre 900° et 100*C), il* conviennent par- 
f alternant dana 1 1 apparelllage fonetionnant a cnaud, eventuellement en 

20 atmoephere oxydante, notamment dans lea ©obangeura thermiquee fonotion- 
nant vers 800°C. 

Ces verrea peuvent Sfcra devitrifies, soit par addition dea oxydea 
matalllquea mentiennes ei-desaus, aoit par un ott pluaieura cycles de 
refroidiasement lent, 

25 La prooede de fabrication le plua general dea matariaux vitreux 

ci-deaaua oonsiate a a£langer dea pood res de silica, de magnesia, d* alu- 
mina et d' oxyde d» yttrium par broyage en jarre, a fondre le melange 
pulverulent obtenu a una temperature super leure a 1500 B C soua atmosphere 
oxydante, notamment k i'air, puia a laiaaer refroidir le verre forme, 

30 Pour lea materiaux dont le rapport dea quantitea de ailice et d'alumine 
correspond a eelui de la eordierite, ou melange dea poudrea de oordiarite 
natureile ou aynthetique, d 1 alumine et d' oxyde d'yttrium par broyage en 
Jarre, puia fond egalement le melange pulvarulent obtenu a une tempera- 
ture auperieure a 1500° aoua atmosphere oxydante et laisae refroidir le 

35 verre forma. 



PAGE 18142 ' RCVD AT 1218/2004 4:32:37 PM [Eastern Standard Time] » SVR:USPT0-EFXRF-1/7 * DNIS:8729306 ' CSID:651 736 3833 ' DURATION (mm-ss):10-28 



DEC. 8.. 2004 ,3:38PM 



OIPC 220 12W 01 



NO. 8974 P. 19 
Z53837G 



L' invention s' attend enfin a un prooSae de collage de pieces de m£me 
nature en carbure de silicium, nitrure de silieium ou nitrure de silieium 
modifie.CSi Al OU) , dans lequel on concaase un mat4rJ.au ceramique 
vitreux tal que dafini ei-deasus, le broie en Jarre en milieu liquids, le 

5 sache, I'additionne d'un liant et d'un solvant de faeon a former una 
pfite, applique eetta pate entre lea pieoes a ooller, aeehe l^nsemble an 
etuva, puis le ported una temperature voiaine de 1UOO*C sous atmosphere 
neutre. D« preference, apres ce ehauffage vers 1l»00 o C, on aoumet lea 
pieoes coliees a un ou plusieurs re fro idias omenta lenta assurant la 

10 devitrification du .materiau de collage* 

II eat deerit oi-aprea, & titre d'exeaplea, une operation de ayn- 
these d'un materiau oeramique vitreux, una operation de depose de ce 
materiau sur des pieces a assembler et da euisson de 1« assemblage, ainai 
qu'un echangeur de ohaleur, represents en figure 3 du desain, assemble k 

15 I 1 aide d'un tal materiau eeramique. 

fiXEMPLE 1 - Svnthfeae d»un materiau oerarolqu e vitreurt - 

Apres melange intime dea matiares premieres (silica at magnesie, 
alumina et oxyde d'yttrium, ou eordierite, alumina et oxyde d'yttrium) 
20 par broyage en Jarre, on amSne a la fusion laa poudrea au voisinage 
de 1550 W C en presence d'air, en prolongeant le traitement 2 heurea . 
Apres refroidisaement, le verre est ooncasse at. broye en Jarre, en milieu 
aqueux, Jusqu'a ce qua la dimension aoyenne des grains soit inferieure 
a 80 miorona. on obtient alnsi un materiau vitrcux bien nomo£ene. 

25 

HXBMPLg 2 m Depose du verra et ouiaaon d'asaemb lafie - 

On ajoute a la poudre do verre broyee.un liant et uh solvant. On 
peut utiliser diff erenta couples liant -aolvant. 

-Salon una premiere variants, le J-iant" pe\it etre un ether oellulo- 

30 sique que l'on disperse dans, l'eau. On peut ainsi preparer un gel de 
1' ether cellulosique commercialism aoua la .designation - 
"Bermocoll E 600" dans l'eau k k% 9 et melange la poudre broyee du mate- 
riau vitreux a oe gel dans la proportion de 60 k 80* en poids de poudre 
pour 40 h 20$ da gel. 

35 Le liant peut etre ^galement un polystyrene plaatifie h l'aide de 
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pntalate de butyl., *. l>on diaaout da« on ^ ^ ^ 
Liorlt^ne. On prepare pa, e^pie una solution cont^t enpeito « 
£ polyaU". 5? de pntalate de ^ •» de trieh^or. ^ On 
- lan^Tetta solution * X, poudr* » dans lea propor- 

5 tions de 60 a 80* en poids de poudr* pour ,0 * 20* da 

II eat i*U-* possible d-Utili^ co^ U«t «n 
ai8fl oue dana Loau . raises de 10* - — * ? ° & 8M * 

poudre broy«e du nateriau vitreux S 30 a 20* de solution, ^ 

On oonatitue ainsi a 1'aide du liant * do «M* U»e «■* auseep- 
10 tible d'etre deposee au pineeeu sur ^ *»~ * ^^f" 
• . iiant a eta ef^etue de facon que la pita -It suffisaa^ fluide pour 
X « J da ne dee lattice, ^neae (do quelle «d»- de 
Uente assez da ri*idi* pour reater - pleee eans dans la 

eae de Joints vertioaux. mi 
15 Apree aeohaae an etuve, ^assemblage art 

voisinage da 1MOO«C aoua atnoaphere nautra (areon) 

On peut aoumattra la mat^au eeraalque .itreu* fo«»-t adh-aif 
.autre laa please a daa eyelee da refroidisaaeaent ink assurant . «*- 
trifioation ai on la June neeeaaaire., , >mk „ t 
20 . II a it, prepare en partleuliar lea aeteriau* 

Urn aompoaitlons ponderalea suivantes (points D, *. f. 6. daa figures 1 

at Z). 



25 






P 


G 


Cordierite 


60 


60 


60 


70 


Oxyde d'yttrium 


40 


30 


20 ' 


20 


30 

Alumina 


o. . 


10 


20 


10 


ou en percentages pondSrauac en oxyflea 







35 
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D 


E 


F 


G 


Silica + magnlsie 




39 


39 


15,3 


5 Oxyde d' yttrium 




30 


20 


20 


Alumine 


21 


31 " 


m 


3*, 5 



10 II a Ste" prepare £galement une composition h base de 

ailioe + magneaie, oxyde d'yttriua et alumine* dana laquelle le rapport 
dee quant ites de silioe et d' alumina ne correspondait pas k la oordierite 
(point H de la figure t) 

15 Silioe * magnssie 71j75 $ 

Oxyde d 'yttrium 20,75 % 

Alunine 17 t 50 % 

Lea coefficients de dilatation dee raateViaux de composition oar- 

20 respondant a I'air* du triangle ABI la figure 1 varient dana de largea 
proportions, et- l T on peut dono cnoisir paroii eeux-ci un natfiri.au de 
coefficient de dilatation voisin de eelui de nombraux inateriaux eeVami- 
ques criatalline. 

On a utilise des materiaux aeramiques vitreux selon 1* invention en 

25 partioulier pour V assemblage d 'elements d'eehangeurs de ohaleur en ear- 
bure de silieium fritted destines h fonotionner dans des turboraaehlnes* 
Ces eehangeurs, dont un schema de principe eat repr^sente en figure 3, 
sont oonatitues de plus de 200 tubes tela que lea tubes 1 de la figure, 
assembles sur des flaaques d*extremite 2, Les. virolea externa 3, 

30 interne 4 et disques de. f armature d'extremite 5 sont scelles lea una aux 
autre© aveo le mSme materiau vitreux. Tous oes collages asaurent ainsi 
l'^tanoheite* antra le flux froid (par exemple air froid) qui cireule dana 
las tubes et la flux chaud (air ohaud) qui cireule a eontre-bourant 
autour das tubes. Les joints tels que 6, 7, fr en mate>iau ceramique 

35 vitreux cnt supports* dee temperatures easwii<J.4*a par des gaz chauds 
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portas k 827°C sans alteration* 

Bien que le proeedS da fabrioation dea materiaUK cSramiquea vi- 
treux decrit oi-dessus paraiase la forme d'exioutlon de i» invention pre- 
ferable, on oomprendra qua diverse* medifioationa psuvent lui Stre 
5 apportSes sans sortir da son cadre, lea liants et solvents mentionnes 
pouvant pouvant Stra remplaces par d'autres Qui Joueraient le m£ne role 
technique . 



15 



20 



25 



30 



35 
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BEVEMDICATIQNS - 
1/ Materiaux oaraoique vitreux, comprenant de la ailioe, de l'alumine, 
de la magnesia et de l'cxyda d f yttrium, earaotaria^e en oe qua leura 
quantises pooderales raspeetivea rspondent auz inegalites 

5 

32,5 t ^ SiOg + MgO ^ 77,5 * 

• 17,5 % £ A1 2 0 3 ^ 62 t 5 * 

1CT 5 %^ Z 2 D 3 ^ 50 ? 

2/ Mafcarlaux selon la reyendieation 1 f c&raoteViaes en ee que 1a rapport 
de leurs quanti&es da silioe at de magnesia correspond a, eelul de la 
eordierite . 

15 3/ Materiaux selon lea ravend lea t ions \ ou 2, ear ae teniae's en oe qu'ils 
comporteat en outre jusqu'a 5% en peids d*au molna un oxyde zwatallique 
favarisant leur devitrification. 

tt/ Materlaux selon la revendioefcion 3 # oaraoterise> en ee que l»oxyde 
metallique devitrifiant est ohoisi dana la group© eonstitu^ par la 

20 bioxyde d> titane, la zircons et ^oxyde de alno. 

5/ Prooeda de fabrication d'un natarlau salon la revendioation 1 f carac- 
terise" en oe que l'on melange dea poudres de siliee, de magneaie d'alu- 
mine et d'oxyde d' yttrium par broyage an jarre* fond le melange pulveru- 
lent obten* a une temperature superieure ' a. 1500<>C sous atmosphere oxy- 

25 daute, puis laisse refroidlr le verre forme, 

6/ Precede de fabrication d«un materiau selon la revendieation 2 f earao- 
terise an ee que 1'on melange das' poudrefl de oordiarita, d^lumine et 
d'oxyde d T yttrium par broyage en Jarre f fond le melanse pulverulent 
obtenu a une temperature auperieure k 1500°C sous atraospbere oxydante, 

30 puis laiase rafroidir le verre forme. 

7/ Application des materiaux selon Vun* des ravendications 1 k b au 
collage de pieces de memo nature en earbure de ailioium, nitrure de 
ailieium ou nitrure de silieium modifia par addition diaiuminium et 
d 1 oxygons. 

35 8/ Proeede de collage entre elleo de pieces de mSnse nature en -oarbure de 
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silicium, nitrure de silieium ou nitrure de silioiura niodifie par 
addition d'aluminium et d»oxyg.ene, earaeterise en oe que- 1* on coneasse 
un materiau selon l'une des revendicationa 1 a le broie en Jarre en 
milieu liquid*, le s&ehe, l'additiomie dMro liant et d'un solvant de 
5 faeon ft former une pate mouillant Men lea pieces a collar, applique 
eette pate antra ces pieces, seehe 1' ensemble en etuve, puis le porte a t 
une temperature voisine de 1^00*2 sous atmosphere neutre. 
9/ Prooede de collage selon la revendieation 8, caraeterise en ee que 
.l»on utilise oonime liant un ether oellulosique et comma solvant de l'eau; 
10 10/ Proeede de collage selon la revendieation 8, earacteViee en ce que 
l'on utilise eomme liant du polystyrene piastifie* et comme solvant le 
tr iohlore* thy lene . 

11/ Precede de collage selon la revendieation 8, caraeterise en oe que 
I'on utilise comroe liant un polysaccharide et comma solvant de l'eau. 
15 12/ Prooe'de de collage selon l'une dea reyendlcations 8 a 11, earacteris* 
en oe que l'on utiliee un mstariau cSramique vifcreux addition*** d'un 
oxyde metallique devitrifiant. 

13/ Precede de collage salon l'une des revendications 8 a 12, 
caraoteriea en oe qu'apres chauffag© a 1400*C sous atmosphere neutre on 
20 souraet les pieces collSes^ a au moins un cycle de refroidisaement lent 
assurant la davitrifioation du materiau de collage. 
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